Introduction
Influenza is a common cause of respiratory tract infection during an epidemic season. Influenza has a significant clinical impact in immunocompromised patients, including adults with cancer, and can cause severe complications. In particular, patients after hematopoietic stem cell transplantation and those undergoing chemotherapy for leukemia are at highest risk, with high morbidity from complications, such as pneumonia, and a clinically relevant mortality rate [1] [2] [3] . Influenza represents a significant socio-economic burden on individuals and the community. Although the immunogenicity of influenza vaccine varies annually, it is well accepted that an influenza vaccine can reduce morbidity and disease severity. Despite the vaccine having weaker immunogenicity in immunocompromised patients than in healthy subjects, it is still recommended for use in such patients for the prevention of severe influenza or superimposed bacterial infections [4, 5] .
In Korea, administration of an influenza vaccine to immunocompromised patients, including adult cancerpatients, is recommended prior to the winter seasons. However, no mass medical survey of vaccine coverage in immunocompromised patients has been conducted, and it is presumed that the actual vaccine coverage remains poor in high-risk patients, as is the case in other countries [6] [7] [8] [9] . Loulergue et al. [10] reported that the main reasons for low vaccine coverage included lack of promotion by the treating physician (72%), fear of side-effects (33%), and concerns regarding the vaccination efficacy (10%). Among medical oncologists, the leading self-reported reason for the lack of vaccination was due to minimal awareness of recommendations [10] . There was also a concern regarding the efficacy of influenzavaccination in immunocompromised patients [10] .
Colorectal cancer is estimated as the third most frequent cancer (second in male and third in female) in Korea according to 2012's report [11] . Due to a currently rapid growing incidence, the importance about colorectal cancer is also growing in Korea; also because, different from other cancers, the chemotherapy regimen for colorectal cancer was well established, it is easy to identify the influences of chemotherapy on the immunogenicity of influenza vaccine. Further, because colorectal cancer develops more frequently in older age, both aging and immune-compromising factors are supposed to act as the reducing factors in the immunogenicity of influenza. This study aims to answer the question: If older colorectal patients were vaccinated, what the immunogenicity will be like?
The primary aim of this study is to evaluate the influenza vaccine immunogenicity in a group of high-risk subjects, colorectal cancer patients, from the Korea Cancer Center Hospital (KCCH), which is a single institute experience, and to offer a reference for immunization guidelines. The secondary aim of this study is to investigate the factors (immune status, duration of chemotherapy, chemo regimen, etc.) influencing the immunogenicity of influenza vaccine in colorectal patients.
Materials and Methods

Study design
During the 2009-2010 and 2010-2011 influenza seasons, patients with colorectal cancer, under treatment at KCCH, were invited to participate in this study. Institutional review board's approval was obtained, and the subjects gave written informed consent for blood collection for hemagglutination inhibition (HI) assays and 1-2 months post-vaccination to assess the immune response to influenza vaccination. The baseline patient demographics, including age, sex, tumor stage, surgery history, and type of chemotherapy, were collected. Subjects with severe allergy to an influenza vaccine or egg protein, with acute febrile illness at the time of vaccination, who were receiving treatment with corticosteroids for other reasons except for the purpose of anticancer drug with a history of transfusion within 6 months, or with any other condition that might interfere with the evaluation of the study were excluded. Paired blood samples were obtained for immunogenicity analysis from all subjects. On day 0 and days 30-60 after the first vaccination, 5-mL venous blood samples were obtained from all subjects. Subjects were excluded from an immunogenicity analysis if they were found to be non-compliant with the immunization or blood sampling schedule. 
Vaccines
Antibody studies
The HI test, using the chicken red blood cells, was performed to determine the anti-hemagglutinin antibody titers. Anti-hemagglutinin titers to H1N1, H3N2, and influenza B were measured using 
Immunogenicity assessment
Seroprotection was defined as an anti-HI titer≥1:40. Seroconversion was defined as a change from the baseline titer ＜ 1:10 to a post-vaccination titer≥1:40 or a 4-fold or greater rise in titer in those with the initial titer≥1:10.
Immunogenicity of the vaccine was assessed based on these findings: seroprotection rates on days 0 and 30, seroconversion rate on day 30, and mean fold increase (MFI) of geometric mean titer (GMT) of the HI assay between days 0 and 30.
In order to confirm the protective immunogenicity of the vaccine based on the European Medicines Agency criteria, one of the following criteria needed to be met: seroprotection rate＞70% for subjects aged 18-60 years and＞60% for subjects aged＞60 years, seroconversion rate＞40% for subjects aged 18-60 years and＞30% for subjects aged＞60 years, or MFI＞2.5 for subjects aged 18-60 years and＞2.0 for subjects aged＞60 years [12] . We defined an acceptable but limited immune response at the seroprotection rate of 30-70%.
Statistical analysis
SPSS ver. 12.0 (SPSS Inc., Chicago, IL) was used for all analyses. One-sample t-test, independent-sample t-test, one-way analysis of variance (ANOVA), Kruskal-Wallis test, and Levene's test were used for the assessment of vaccine immunogenicity. Multivariate logistic regression analysis was used for identifying various factors influencing on the immunogenicity of influenza vaccine for colorectal cancer patients. Table 1 shows the characteristics of the patients. In total, 17 of 19 patients with colorectal cancer enrolled in 2009 were treated with surgery and chemotherapy, and the remaining 2 patients received only surgery. Twenty-one patients enrolled in 2010 received chemotherapy after surgery. All subjects received influenza vaccination when their absolute neutrophil count (ANCs) was over 1,000 during the bone marrow recovery phase after previous chemotherapy. The average white blood cell (WBC) count was 5,476/µL, and the average ANC was 3,627 on the day of influenza vaccination. The average interval between influenza vaccination and post-vaccination sampling was 33. (Table 1) .
Overall immunogenicity in colorectal cancer patients
Before vaccination, 68.4% (n=13), 31.6% (n=6), and 10.5% (n=2) of 19 patients enrolled in the 2009-2010 season had seroprotective antibody titers (≥1:40) against H1N1, H3N2, and B, respectively. After vaccination, 94.7% (n=18), 42.1% (n=8), and 47.3% (n=9) of patients had seroprotective titers against H1N1, H3N2, and B, respectively. Seroconversion was observed in 52.6% (n=10), 26.3% (n=5), and 36.8% (n=7) of patients against H1N1, H3N2, and B, respectively. GMT fold increase was 3.86, 1.49, and 3.33 against H1N1, H3N2, and B, respectively (Table 2) . These seroprotection and seroconversion rates indicated good immunogenicity (seroprotection rate≥70%, seroconversion≥40%) against H1N1, and an acceptable but limited immune response against influenza H3N2 and B. The GMT fold increase indicated good immunogenicity (GMT fold increase≥2.5) against all vaccine strains in the 2009-2010 season.
Before vaccination, 4.8% (n=1), 4.8% (n=1), and 4.8% (n=1) of 21 patients enrolled in the 2010-2011 season had seroprotective antibody titers (≥1:40) against pH1N1, H3N2, and influenza B, respectively. After vaccination, the seroprotection rates were 57.1% (n=12), 52.4% (n=11), and 38.1% (n=8), respectively, against these strains. Seroconversion was observed for 52.4% (n=11), 47.6% (n=10), and 33.3% (n=7) of patients against pH1N1, H3N2, and influenza B, respectively. GMT fold increase was 12.29, 3.62, and 4.27 against the respective strains ( Table 2 ). This seroprotection rate indicated an acceptable but limited immune response against all vaccine strains in the 2010-2011 seasons. However, the seroconversion rate indicated a good immunogenicity (seroconversion≥40%) against pH1N1 and H3N2 strains, while there was an acceptable but limited immune response against the influenza B strain. The GMT fold increase indicated a good immunogenicity (GMT fold increase≥2.5) against all vaccine strains in the 2010-2011 seasons.
Immunogenicity according to age
For an assessment of the effects of age on immunogenicity, linear regression analysis between the age of subjects and their HI titer was applied for all subjects. For each H1N1 and B, there was a significant reverse linear correlation between the age of subjects and their HI titer. (Fig. 1 ).
We applied a cut-off value of 65 years to subjects for further analysis, because it was well known that an individual of＞65 year of age has poor immunogenicity to an Values are presented as number (%). GMT, geometric mean titer.
HI titer
Age (yr) Values are presented as number (% or range). GMT, geometric mean titer; CI, confidence interval. influenza vaccine. For assessment, subjects were divided into 2 age groups (＜65 years and≥65 years).
In the 2009-2010 season, the seroprotection rates against H1N1, H3N2, and influenza B were 100.0%, 28.6%, and 71.4%, respectively, in those aged ＜65 years; these values were 91.7%, 50.0%, and 33.3%, respectively, in those aged≥65 years. The seroconversion rates against H1N1, H3N2, and influenza B were 57.1%, 14.3%, and 57.1%, respectively, in those aged ＜65 years; these values were 50.0%, 33.3%, and 25.0%, respectively, in those aged≥65 years. GMT fold increases against H1N1, H3N2, and influenza B were, 5.38, 1.00, and 5.94, respectively, in those aged ＜65 years; these values were 6.56, 2.97, and 4.00, respectively, in those aged≥65 years. There were no statistically significant differences in the immune responses between the 2 age groups in the 2009-2010 seasons, except in post-vaccination GMT against H3N2 (Table 3 ).
In the 2010-2011 season, the seroprotection rates against pH1N1, H3N2, and influenza B were 60.0%, 46.7%, and 26.7%, respectively, for those aged ＜65 years; these values were 50.0%, 66.7%, and 66.7%, respectively, for those aged≥65 years. Seroconversion rates against pH1N1, H3N2, and influenza B were 53.3%, 40.0%, and 26.7%, respectively, in those aged ＜65 years; these values were 50.0%, 66.7%, and 50.0%, respectively, in those aged≥65 years. GMT fold increases against pH1N1, H3N2, and influenza B were 4.88, 2.00, and 1.81, respectively, in those aged ＜65 years; these values were 6.35, 7.13, and 7.13, respectively, in those aged≥65 years. For all strains, there were no statistically significant differences in the immune responses between the 2 age groups in the 2010-2011 seasons (Table 4 ).
Immunogenicity according to various factors influencing immune state
For an assessment regarding the effects of chemotherapy on the influenza vaccine immunogenicity, linear regression analysis between recent and total chemotherapy duration, chemotherapy types (adjuvant, palliative, adjuvant, and palliative combined) and their HI titer was applied for all subjects without the respect of different influenza seasons. For H3N2, there was a significant linear correlation between total chemotherapy duration and its HI titer (r 2 =0.313, p=0.000). However, there were no correlations between total chemotherapy duration and its HI titer for H1N1and B (Fig.  2 ). We applied a cut-off value for each 2, 4, 6, 8, 10, and 12 months of recent chemotherapy duration to subjects for further analysis. There were no differences in the seroprotection rates to influenza viruses between the two groups, according to the cut-off value.
For an assessment regarding the effects of immune status Table 4 . Comparison of immunogenicity of influenza vaccine between colorectal cancer subjects aged＜65 years and Values are presented as number (% or range). CI, geometric mean titer; CI, confidence interval. on the influenza vaccine immunogenicity, linear regression analysis between WBC count, ANC, absolute lymphocyte count (ALC) and their HI titer was applied for all subjects without the respect of different influenza seasons. For B, there was a significant linear correlation between ANC and its HI titer (r 2 =0.148, p=0.017). However, there were no correlations between ANC and its HI titer for H1N1and H3N2. There were no correlations between WNC count, ALC and its HI titer for all strains. When applied the cut-off value 1,000 for ANC and ALC, there were no differences of the immune response to influenza vaccine between subjects with≥1,000 and subjects with＜1,000.
On further analyses, stage of colorectal cancer and recurrence state at vaccination did not affect the immune response to influenza antigens.
Adverse effects of vaccination
On day 30 post-vaccination, participants were asked to report any adverse effects of the vaccination. Reported side effects included some local adverse reactions; however, serious adverse effects, such as Guillain-Barre syndrome, were not reported. Overall, the vaccine was well tolerated in all subjects.
Discussion
This study demonstrated the safety of the trivalent, an inactivated influenza vaccine in colorectal cancer patients, with an acceptable but limited immune response. This result matched well with the results of previous studies in immunocompromised patients, especially in colorectal cancer patients [13] [14] [15] [16] .
Puthillath et al. [13] reported that 70.6% of 85 colorectal cancer patients vaccinated with an influenza vaccine showed an immune response during the 2006-2007 influenza seasons.
In the present study, the seroprotection rate was 94.7% for H1N1, 42.1% for H3N2, and 47.4% for influenza B in the 2009-2010 seasons. The seroprotection rate against H1N1 was significantly higher than that against H3N2 and influenza B in the 2009-2010 seasons. The high seroprotection rate against H1N1 was probably a result of a high pre-seroprotection rate against that strain. The cause of the high pre-seroprotection rate against H1N1 might have been the long-term homologous H1N1 vaccine antigen stimuli. In the 2007-2008 influenza seasons, there was some mismatch between the circulating wild strain and the vaccine strain, and the vaccine strain was subsequently changed from A/Wiscon- sin/67/2005 to A/Brisbane/10/2007 (H3N2). It was supposed that a short-term H3N2 vaccine antigen stimulus was unable to induce a good immune response, especially in immunocompromised patients. Regarding the relatively poor immune response to B antigen, our results were similar to the results of the study performed by Xie et al. [17] . They suggested that the low immunogenicity of B/Brisbane /60/2008 was probably due to the fact that it was a new strain, unlike the A/Brisbane/59/2007 (H1N1) strain, which had been a vaccine component since the 2008-2009 season [17] .
Compared with the control group (diabetes mellitus patients, n=15) vaccinated in the 2009-2010 season, there were no differences in the immunogenicity, except against the influenza B strain. In the control group, the pre-seroprotection rate and GMT were statistically significantly higher against influenza B. Therefore, direct comparisons between the study and control groups for the vaccine immunogenicity against influenza B strains were not possible (Table 5) .
Age, type of malignancy, WBC count, lymphocyte count, serum immunoglobulin G (IgG) level, and status of cancer therapy are well known factors affecting the immune response after an influenza vaccination [18] . In this study, age and ANC showed a correlation with the immune response for some strains, but status of cancer therapy, WBC count, and lymphocyte count did not show a significant correlation with the immune response. Furthermore, in this study, total chemotherapy duration showed a correlation with the immune response for some strains.
Age is known to affect the immune response to influenza vaccination. Adults aged≥65 years produce weaker immune response to vaccination than adults aged ＜65 years. A number of protective immune functions decline with age, and along with physiological and anatomical changes, this contributes to increased susceptibility to infectious diseases and suboptimal immune responses to vaccination [19] . In the present study, subjects aged≥65 years showed similar immune responses to subjects aged ＜65 years. The relatively good immune response in subjects aged≥65 years is probably related to a higher rate of influenza vaccination during the previous epidemic season. According to Lim et al.'s study [20] , influenza vaccination coverage among subjects aged ≥65 years in South Korea, during the 2004-2005 influenza seasons, was 77.2%. However, in healthy younger adults, the vaccination coverage was only approximately 33% [20] .
Data on the correlations between the immunogenicity of influenza vaccines and WBC count or lymphocyte count are often conflicting. Chisholm et al. [21] reported that a response to influenza antigen was not affected by the total WBC count at immunization. Other reports have demonstrated a positive correlation between the response to influenza antigen and total numbers of circulating lymphocytes or neutrophils on the day of immunization [22] . In this study, the WBC and lymphocyte counts did not affect the response to influenza antigen, but ANC affected the response to B influenza antigen.
In this study, total chemotherapy duration showed not a negative, but a positive correlation with the immune response for some strains. Although the reason why it showed a positive correlation between total chemotherapy duration and immune response will be further investigated or verified, the fact that at least the long term chemotherapy in colorectal cancer subjects did not impair an immune response of influenza vaccination, probably due to relatively weaker chemo intensity of colorectal cancer than other cancer, offer a good reason to recommend influenza vaccination to colorectal cancer patients under chemotherapy.
In the present study, influenza vaccine induced an acceptable but limited response in immunocompromised individuals. Therefore, other strategies are needed to reinforce the efficacy of influenza vaccination in immunocompromised patients. Family member vaccination, healthcare worker vaccination, 2-dose vaccination, and avoidance of immunization at times of leukopenia or lymphopenia, might be effective. Because children play an important role in the transmission of influenza virus, all children in a cancer patient's family should be vaccinated [23, 24] . However, further studies in this respect are needed. The lack of an appropriate control group is a limitation of this study; hence, comparison with diabetes mellitus patients was conducted (Table 5 ). The small sample size is another limitation of this study. Further studies with larger sample sizes that assess the correlation between the immunogenicity of influenza vaccines and chemotherapy state, chemotherapy regimen, and time from cessation of chemotherapy are necessary.
Conclusion
In view of the observed acceptable but limited immune response and no serious side effects, annual influenza vaccination is strongly recommended for colorectal cancer patients.
Conflicts of Interest
Conflict of interest relevant to this article was not reported.
